Requirement for specific protein kinase activities during the rapid redistribution of F-actin that precedes the outgrowth of neurites in PC12D cells.
Rapid changes in morphology of PC12D cells, a subline of PC12 cells, in response to various agents were studied in relation to the subsequent outgrowth of neurites. A few minutes after addition of NGF or of dbcAMP, staining of F-actin with rhodamine phalloidin revealed the formation of ruffles around the periphery of cells. Simultaneous relocalization of F-actin to the area of ruffles occurred in response to NGF. A moderate relocalization of F-actin occurred in dbcAMP-treated cells. Other neurite-promoting agents on PC12D cells, such as bFGF, EGF and PMA, also caused ruffling and an identical redistribution of F-actin. The actin bundles then condensed into several dot-like aggregates that subsequently became the growth cones of neurites. When an inhibitor of protein kinase, K-252a, was added, only the NGF-induced morphological change was selectively decreased. By contrast, an inhibitor of protein kinase A, H-89, selectively blocked the dbcAMP-induced change. These are analogous to the effects of those inhibitors on the outgrowth of neurites. These observations indicate that the formation of ruffles with the redistribution of F-actin might be one of the earliest steps in the neurite outgrowth and that the morphological changes might be triggered by the activation of specific protein kinases. Neither cytochalasin B nor colchicine prevented the series of morphological changes. However, processes formed in the presence of cytochalasin B had no filopodium and protrusions formed in the presence of colchicine were shaped like large filopodia. It appears that microtubules and microfilaments may not be absolutely required for the initiation of the rapid morphological changes, but that complete neurites might be formed with contribution by microtubules and by microfilaments.